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1 FGS $NC^{2}$
. , FGS $\Gamma$ , $\Gamma$ ,
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2
$\Sigma$ $X$ , $N=\{0,1, \ldots\}$ . $X$
1) $x,$ $y,$ $\ldots$ , $p,$ $q,$ $\ldots$ , , $\Pi$ .
, $V$ , $E$, $\varphi$ : $Varrow\Sigma\cup X$ , $\psi$ : $Earrow\Sigma\cup N$ 4 $G=$
(V, $E,$ $\varphi,$ $\psi$ ) . $G=(V, E, \varphi, \psi)$ , ,
. $Z\subseteq\Sigma\cup X$ , $Z$ $Z$ 1) $V$ $Z$
$\tilde{\varphi}(Z)$ . , $X$ . , $Z$
$Z$ 1) $E$ $Z$ $\overline{\psi}(Z)$ . $V$
$v$ , $\mathcal{N}(G, v)$ $v$ , $E(v)$ $v$ $E$ .
$Z$ , $Z$ $\neq Z$ . $V$ $U$ , $U$
$E$ $E_{U}$ . , $G[U]=$ ( $U$, Eu, $\varphi,$ $\psi$ ) $U$
. $E$ $F$ , $F$ $V$ $V(F)$
. , $E\{F\rangle$ $=(V(F), F, \varphi, \psi)$ $F$ . $deg$ $X$ $N\cup$
$N\cross N$ . , $X$ $x$ $deg(x)$ .
$\prime r(\Sigma\cup x)$ $G=(V, E, \varphi, \psi)$ .
1. 2 .
2. $x$ , $x$ $deg(x)$ .
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3. $e\in E$ , $\psi(e)\in N$ , .
$v$ 2 $e_{1}$ $e_{2}$ , $1\leq\psi(e_{1})\neq\psi(e_{2})\leq\neq E(v)$ .
$p$ $n\exists|$ , $g_{1},$ $\ldots,$ $g_{n}$ . , $p(g_{1}, \ldots, g_{n})$
. , $g_{1},$ $\ldots,$ $g_{n}\in\prime r(\Sigma)$ $p(g_{I}, \ldots, g_{n})$ . $A,$ $B_{1},$ $\ldots,$ $B_{n}$
. , , $Aarrow B_{1},$ $\ldots,$ $B_{n}(n\geq 0)$
. , $n=0$ .
1. (Formal Graph System, FGS) ,
.
2 $\simeq$ . $g_{1}=(V_{1}, E_{1}, \varphi_{1}, \psi_{1})$ $g_{2}=$
$(V_{2}, E_{2}, \varphi_{2}, \psi_{2})$ , $g_{1}\simeq g_{2}$ , $\pi$ : $V_{1}arrow$
.
1. $u\in V_{1}$ , $\varphi_{1}(u)=\varphi_{2}(\pi(u))$.
2. $\{u,v\}\in E_{1}$ , $\psi_{1}(\{u, v\})=\psi_{2}(\{\pi(u), \pi(v)\})$ .
. $p(f_{1}, \ldots, f_{n})$
$p(g_{1}, \ldots, g_{n})$ , $p(f_{1}, \ldots, f_{n})\simeq p(g_{1}, \ldots, g_{n})$ , $i(1\leq i\leq n)$ $\simeq g_{i}$
.
$x_{1},$ $\ldots,$
$x_{n}$ , $g_{1},$ $\ldots,$ $g_{n}$ , $\sigma_{i}(i\leq i\leq n)$ $g_{i}$ $deg(x_{i})$
$\Sigma$ . , $\theta=\{x_{1} :=(g_{1}, \sigma_{1}), \ldots, x_{n} :=(g_{n}, \sigma_{n})\}$
(substitution) . $g=(V, E, \varphi, \psi)$ , $\sigma_{i}=(v_{i^{1}}$ , . . . , $v_{i}^{deg(x_{i})})(1 \leq i\leq n)$
. , $\theta$ $g$ (instance) $g\theta=(V’, E’, \varphi’, \psi’)$ $g$
. $g$ $x_{i}(1\leq i\leq n)$ )\iota / $v$ , $u_{i}^{j}(1\leq$




$v_{i}^{deg(x_{i})}$ , $g$ $g_{i}$ . , $\varphi’(u_{i}^{j})=\varphi(u_{i}^{j})(1\leq$
$j\leq deg(x_{i}))$ . , $v$ $E(v)$ . ,
$\theta$ , $p(f1\cdots, f_{n})$ , $Aarrow B_{1},$ $\ldots,$ $B_{m}$ ,
$p(f_{1}, \ldots, f_{n})\theta=p(f_{i}\theta, \ldots, f_{n}\theta)$, $(Aarrow B_{1}, \ldots, B_{m})\theta=A\thetaarrow B_{1}\theta,$ $\ldots,$ $B_{m}\theta$ .
$A_{1}$ $A_{2}$ 2 . , $A_{1}\theta\simeq A_{2}\theta$ $\theta$ $A_{1}$
$A_{2}$ (unifier) . , $\theta$ $\theta’$ , $A_{1}\simeq A_{2}\theta$ $A_{1}\theta’\simeq A_{2}$
, $A_{1}$ $A_{2}$ (variant) . $B_{1},$ $\ldots,$ $B_{m}$ . ,
$arrow B_{1},$
$\ldots,$
$B_{m}(m\geq 0)$ . , $m=0$
1) $\square$ .
$C$ , $v(C)$ $C$ .
$Q$ . $\Gamma$ FGS, $D$ $\Gamma$ .
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, $D$ (derivation) , (1),(2) $)(3)$ 3
$(D_{i}, \theta_{i}, C_{i})(i=0,1, \ldots, )$ :
(1) $D_{i}$ , $\theta_{i}$ , $C_{i}$ $\Gamma$ , $D_{0}=D$ .
(2) $i,$ $j$ , $v(C_{i})\cap v(C_{j})=\emptyset$ . , $i$ $v(C_{i})\cap v(D)=$
$\emptyset$ .
(3) $D_{i}$ $arrow A_{1},$ $\ldots,$ $A_{k}$ , $A_{m}$ $Q$ ,
$C_{i}=Aarrow B_{1},$
$\ldots,$
$B_{q}$ , $\theta_{i}$ $A$ $A_{m}$ , $D_{i+1}=(arrow A_{1},$ $\ldots,$ $A_{m-1},$ $B_{1},$ $\ldots,$ $B_{q}$ ,
$A_{m+1},$ $\ldots,A_{k}$ ) $\theta_{i}$ .




(3) ( $D_{i},$ $\theta_{i}$ , Ci) , $\theta_{i}$ $D_{i}$ $A$ $C_{i}=A_{i}arrow B_{1},$ $\ldots,$ $B_{k}$
$A_{i}$ , $A$ $B_{j}\theta_{i}(1\leq j\leq k)$
.
$C$ FGS $\Gamma$
, $C$ $\Gamma$ $A$ ) $\Gamma\vdash C$ . , $\Gamma\vdash C$
.
(1) $C\in\Gamma$ , $\Gamma\vdash C$ .
(2) $\Gamma\vdash C$ , $\theta$ , $\Gamma\vdash C\theta$ .
(3) $\Gamma\vdash Aarrow B_{1},$ $\ldots,B_{m},$ $B_{m+1}$ , $\Gamma\vdash B_{m+1}$ , $\Gamma\vdash Aarrow B_{1},$ $\ldots,$ $B_{m}$ .
, $P$ , $GL(\Gamma,p)$ $\{g\in\prime r(\Sigma)|\Gamma\vdash p(g)arrow\}$ .
$L\subseteq\prime r(\Sigma)$ FGS , $L=GL(\Gamma,p)$ FGS $\Gamma$ $p$
. $B(\Gamma)=$ {$p(g_{1},$ $\ldots,$ $g_{n})|P\in\Pi$ $g_{1},$ $\ldots$ , $g_{n}\in\prime r(\Sigma)$ } ,
$SS(\Gamma)=$ { $A\in B(\Gamma)|arrow A$ } . PS $(\Gamma)$ $\Gamma$
.
1. FGS $\Gamma$ , SS(F) $=PS(\Gamma)$ .






$g=(V, E, \varphi, \psi)$ . $V’$ $:=V-\{v,\mathcal{N}(g, v)|\varphi(v)\in X\},$ $E’$ $:=E-\{e\in$
$E|e$ } . , $g$ ( $|g|$ )
$(\neq V, \neq E’)$ . $p(g_{1}, \ldots, g_{n})$ , $\Vert p(g_{1}, \ldots, g_{n})\Vert=|g_{1}|+\cdots+|g_{n}|$
. $Aarrow B_{1},$ $\ldots,$ $B_{m}$ , $\theta$ , $\Vert A\theta||\geq$
$||B_{1}\theta||+\cdots+\Vert B_{m}\theta\Vert$ . FGS $\Gamma$ , $\Gamma$
. , .
2 $\sim$ . $g_{1}=(V_{1}, E_{1}, \varphi_{1}, \psi_{1})$ $g_{2}=$
$(V_{2}, E_{2}, \varphi_{2}, \psi_{2})$ , $g_{1}\sim g_{2}$ , (1) (2) $\pi$ : $V_{1}arrow V_{2}$
.
(1) $u\in V_{1}$ , $\varphi_{1}(u)=\varphi_{2}(\pi(u))$ .
(2) $\varphi_{1}(\{u, v\})\in N$ $\{u, v\}\in E_{1}$ , $\psi_{1}(\{u, v\})=\psi_{2}(\{\pi(u), \pi(v)\})$.
.
$a\in\Sigma$ $lr(\Sigma)$ $\Psi_{a}$ .
Shield p \Psi a p .
$q_{0}(g_{0}^{1}, \ldots,g_{0^{0}}^{l})arrow q_{1}(g_{1}^{1}, \ldots,g_{1^{1}}^{l}),$ $\ldots,q_{k}(g_{k}^{1}, \ldots,g_{k^{k}}^{l})(k\geq 0)$
, . , $g_{i}^{j}=(V_{i}^{j}, E_{i}^{j}, \varphi_{i}^{;},\dot{\psi}_{i})(0\leq$
$i\leq k,$ $1\leq l_{i}\leq l,$ $1\leq j\leq$ , $q_{i}$ Shield$(q_{i})=(h_{i}^{1}$ , . . . , $h_{i^{\mathfrak{i}}}^{l})$ $l_{i}$
.
(I) $d(1\leq i\leq k, 1\leq j\leq l_{i})$ (i),(ii),(iii) .
(i) .
(ii) $g_{i}^{i}$ [ $V_{i^{j}}-\{u,$ $v|u\in$ $(X),\mathcal{N}(\dot{f}_{i},$ $v)=\{u\}\}$ ] $\simeq h_{i}^{j}$ .
(iii) (a) (b) $g=(V, E, \varphi, \psi)$
$g_{0}^{l}$ .
(a) $g\sim\dot{d}$ .
(b) $v\in\{\mathcal{N}(g, u)|u\in\tilde{\varphi}(X)\}$ , $\mathcal{N}(g, v)=\mathcal{N}(g_{0}^{l}, v)$ .
(II) $g_{0}^{l}(1\leq l\leq l_{0})$ (1),(2),(3) .
(1) $\{a\}$ , .
(2) $E_{0}^{l}\langle\tilde{\psi}_{0}^{l}(\{a\})\rangle\simeq h_{0}^{l}$ .
(3) $\{a\}$ , $g_{0}^{l}\simeq$
1 $(1\leq i\leq k, 1\leq j\leq l_{i})$ .
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FGSF , F .
1. $\Gamma$ FGS , $P$ $\Gamma$ . , $GL(\Gamma,p)$
.
1. $\Gamma$ FGS , $P$ $\Gamma$ . , $RT(\Gamma,p)$
$NC^{2}$ .
: $G=(V, E, \varphi, \psi)$ $V=\{1, \ldots, n\}$ .
$P=$ ($N,$ $T$, GEN, s) $[3, 7]$ . , $N$
, $T$ $N$ , GEN $N\cup(N\cross N)\cup\cdots\cup N^{k}$ $2^{N}$ ( $k$ : ), $s$
$N$ .
$P$ $N$ {MakeAtom(r) $|$ $r\in\Gamma$ } $\cup\{p(G)\}$ .
, MakeAtom , $\Gamma$
. $l$ , $k$ $1\leq l_{0},$ $\ldots,$ $l_{k}\leq l$ . , $g_{i^{j}}=$
$(V_{i}^{j}, E_{i}^{j}, \varphi_{i}^{j}, \psi_{i}^{j})(0\leq i\leq k, 1\leq i\leq l_{i})$ , $q_{i}$ $l_{i}$ .
, F r .




Procedure MakeAtom(r: a rule): Set;
1. If $r$ then
2. $U$ $:=\{[q_{0}, a_{1}, \ldots, a_{l_{0}}]|a_{j}\in MakeTerm(g_{0}^{j}), 1\leq j\leq l_{0}\}$ ;
3. else
4. $U:=\emptyset$ ;
5 For $i:=1$ to $k$ do




Procedure $Mal\sigma eTerm$( $g=(V_{g},$ $E_{g},$ $\varphi_{g},$ $\psi_{g})$ : a term graph): Set;
1. $8:=\#$ ( $E_{g}-\{e\in E_{g}|e$ });
2. $c:=\#\tilde{\varphi}_{g}(X)$ ;
3. $t_{v}$ $:=g$ $v$ ;
4. $F:=$ { $(e_{1},$ $\ldots,$ $e_{s})|e_{1},$ $\ldots,$ $e_{s}$ $E$ };
5. If $c=0$ then
6. $Z$ $:=Z\cup\{\{B\rangle$ $|B\in F,$ $E\{B\rangle\simeq g\}$ ;
7. else
8. $g$ $I$ ;
9. $E_{g}-$ { $e\in E_{g}|e$ } $J$ ;
10. For $(e_{1}, \ldots, e_{s})\in F$ pardo
11. For $v\in\overline{\varphi}_{g}(X)$ pardo
12. $D_{v}^{(e_{1},\ldots,e_{\iota})}$ $:=\{(u_{1}, \ldots, u_{t_{v}})|u_{i}\neq u_{j}\in e_{1}\cup\cdots\cup e_{s}, 1\leq i\neq j\leq t_{v}\}$ ;
13. odpar
14. $M^{(e_{1},\ldots,e_{s})}$ $:=\{(d_{v_{1}}, \ldots, d_{v_{c}})|v_{i}\in\tilde{\varphi}_{g}(X), d_{v_{\mathfrak{i}}}\in D_{v}^{(e_{1},\ldots,e_{\delta})}, 1\leq i\leq c\}$ ;
15. odpar
16. then $Z$ $:=Z\cup\{\langle f,$ $m$ } $|f\in F$ $m\in M^{f}$ };
17. $f=$ $(e_{1}, \ldots, u_{i^{1}}^{t})(1\leq i\leq c)$ .
$(I^{e})^{s}$
$(II)\text{ ^{}(}\text{ ^{}d}m$ $d=(u_{i}\pi^{v_{\iota}}:(e_{1}\cup^{1}\cdots\cup e_{s})arrow V_{g}-\tilde{\varphi}_{g}(X)$
, CAeck$(g, \langle(e_{1}, \ldots, e_{s}), (d_{v_{1}}, \ldots, d_{v_{c}})\rangle)=true$ .
(I) $e_{i}(1\leq i\leq s)$ , $g$ $J$ $i$ .
(II) $i(1\leq i\leq c)$ , $\{\pi(u_{i}^{1}), \ldots, \pi(u:\cdot)\}=\mathcal{N}(g, v)$ $I(v)=i$
$g$ $v$ .
Output $Z$
Procedure Check($g$ : a term graph, $d$ : a sequence): boolean;
$/*g=(V_{g}, E_{g}, \varphi_{g}, \psi_{g});d=\{(e_{1}, \ldots, e_{s}),$ $(\eta_{1}, \ldots, \eta_{c})\rangle$ $;*/$
$1$ . $D:=false$ ;
2. For $g$ $x$ pardo
3 If $\neq\tilde{\varphi}_{g}(\{x\})\geq 2$ then
4 For $u\in\tilde{\varphi}_{g}(\{x\})$ pardo
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5. $\eta_{I(u)}$ $G-\{e_{1}, \ldots, e_{s}\}$ $B_{I(u)}$
;
6. odpar
7. If $u,$ $v\in\tilde{\varphi}_{9}(\{x\})$ $B_{I(u)}\simeq B_{I(v)}$ then $C_{x}$ $:=true$ ;
8. else $C_{x}$ $:=false$ ;
9. else $C_{x}$ $:=true$ ;
10. odpar
11. If $g$ $x$ $C_{x}=true$ then $D$ $:=true$ ;
Output $D$
MakeAtom MakeTerm Check . Check
, $NC^{2}$ [3] ,
7 $NC^{2}$ .
$T$ {MakeAtom(r) $|$ $r\in\Gamma$ } , $s=\{p(G)\}$ . $k$ $\Gamma$
. , GEN $N\cup N\cross N\cup\cdots\cup N^{k}$
$2^{N}$ . $N$ $[q, \{b^{1}, \lambda^{1}\rangle, \ldots, \langle b^{l_{0}}, \lambda^{l_{0}}\rangle]$ GEN$([q_{1}, \{c_{1}^{1}, \delta_{1}^{1}\rangle, \ldots, \langle c_{1^{1}}^{l}, \delta_{1^{1}}^{l}\}],$ $\ldots$ ,
$[q_{m}, \langle c_{m}^{1}, \delta_{m}^{1}\}, \ldots, \langle c_{m}^{l_{m}}, \delta_{m^{m}}^{l}\}])(m\leq k)$ , (i),(ii),(iii)
$q(g^{1}, \ldots, g^{l_{0}})arrow q_{1}(f_{1}^{1}$ , . . . , $f_{1}^{l_{1}}),$ $\ldots,$ $q_{m}(f_{m}^{1}, \ldots, f_{m^{m}}^{l})$ $\theta=\{x_{1} :=(h_{1}, \sigma_{1}), \ldots, x_{t} :=(h_{t}, \sigma_{t})\}$
t) : $U\subseteq V$ $Z\subseteq E$ , $U$
$E\{E-Z\}$ $B_{(Z,U)}$ .
, $H_{(Z,U)}$ $G$ $E\{Z\cup B_{(Z,U)}\}$ .
(i) $\theta$ $h_{1},$ $\ldots,$ $h_{t}$ $G$ .
(ii) $g^{i}(1\leq i\leq l_{0})$ , $g_{i}\theta\simeq H_{(b^{\mathfrak{i}},\lambda^{i})}$ .
(iii) $f_{i}^{j}(1\leq i\leq m, 1\leq i\leq l_{i})$ $\{c_{i}^{;},$ $\delta_{i}^{j}\rangle$ $\in MakeTerm(f_{i}^{j})$
, $f_{i}^{j}\theta$ $H_{(c.,\delta_{i}^{j})}$
$\pi_{i}^{j}$ . $f_{i}^{j}$ 2 $u$ $v$ , $\{u, v\}$ $f_{i}^{j}$
, $\{\pi_{i}^{j}(u), \pi_{i}^{j}(v)\}$ $c_{i}^{;}$ t) .
GEN $NC^{2}$ .
$N$ $n$ , $P$ \langle $NC^{2}$
$[3, 7]$ . $P$ $s$ GEN $T$








. $\Gamma$ $GL(\Gamma,p)$ FGS , $p$ $\Gamma$
. , NC [1] , $RT(\Gamma,p)$
NC .
1. $\Gamma$ 1
FGS , $P$ $\Gamma$ . , $RT(\Gamma,p)$ $NC^{2}$ .
4
, $G_{1}$ $G_{2}$ , $G_{1}$ $G_{2}$
. FGS $\Gamma$ $P$ $RT(\Gamma,p)$
$DRT(\Gamma,p)$ .
2. $\Gamma_{GI}$ 1 FGS , $p$ $\Gamma_{GI}$
. , $DRT(\Gamma_{GI},p)$ .
: $G_{1}=(V_{1}, E_{1})$ $G_{2}=(V_{2}, E_{2})$ ,
FGS $\Gamma_{GI}$ $G=$ (V, $E,$ $\varphi,$ $\psi$ ) : , $e\not\in$
$E_{1}\cup E_{2}$ .
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(1) $V=V_{1}\cup V_{2}$ .
(2) $E=E_{1}\cup E_{2}\cup\{e\}$ .
(3) $v\in V$ , $v$ $e$ $\varphi(v)=b$ , $\varphi(v)=$
$a$ .
(4) $e’\in E$ , $\psi(e’)=c$ .
. , , $G$
$DRT(\Gamma_{GI},p)$ , $G_{1}$ $G_{2}$
. $(Q.E.D)$
2 , 1 FGS $\Gamma_{GI}$ $p$ $DRT(\Gamma_{GI}, p)$
, .
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